A Comparative Cost – Effectiveness Analysis in Different Tested Aquaponic Systems  by Petrea, Stefan Mihai et al.
 Agriculture and Agricultural Science Procedia  10 ( 2016 )  555 – 565 
2210-7843 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
doi: 10.1016/j.aaspro.2016.09.034 
Available online at www.sciencedirect.com
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFH$JULFXOWXUHIRU/LIH/LIHIRU$JULFXOWXUH


$&RPSDUDWLYH&RVW±(IIHFWLYHQHVV$QDO\VLVLQ'LIIHUHQW
7HVWHG$TXDSRQLF6\VWHPV
6WHIDQ0LKDL3HWUHDD*0DULDQ7LEHULX&RDGăD9LFWRU&ULVWHDD/RUHQD'HGLXD
'UDJRV&ULVWHDD$GULDQ7XUHN5DKRYHDQXE$GULDQ*KHRUJKH=XJUDYXD
0DULD0DJGDOHQD7XUHN5DKRYHDQXD'RULQD1LFROHWD0RFXWDE
a“Dunărea de Jos” University of GalaĠi, Domnească Street 111, GalaĠi, Romania 
bUniversity of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd, Bucharest, Romania 
$EVWUDFW
2QH RI WKH PDLQ JOREDO SULRULWLHV QRZDGD\V LV ILQGLQJ VXVWDLQDEOH PHWKRGV RI LQFUHDVLQJ IRRG SURGXFWLRQ +RZHYHU SURILW
PD[LPL]DWLRQUHPDLQVWKHSULPDU\SXUSRVHRIHYHU\HFRQRPLFDFWLYLW\7KHLQWHJUDWLRQRIDTXDFXOWXUHUHFLUFXODWLQJV\VWHPVZLWK
GLIIHUHQWDTXDSRQLFVWHFKQLTXHVFRPHVDVDUHVSRQGWRERWKUHTXLUHPHQWVWKDWZHUHPHQWLRQHGDERYH7KHDLPRISUHVHQWUHVHDUFK
LVWRPDNHDFRPSDUDWLYHFRVWHIIHFWLYHQHVVDQDO\VLVLQWZRLQWHJUDWHGDTXDSRQLFVV\VWHPVZKHUHERWKGHHSZDWHUFXOWXUH':&
DQG OLJKWH[SDQGHGFOD\DJJUHJDWH/(&$VXEVWUDWHDTXDSRQLF WHFKQLTXHVZHUHDSSOLHG)RXUFRPELQDWLRQVRIILVKDQGSODQWV
VSHFLHVZHUHXVHGDVIROORZVUDLQERZWURXWOncorhynchus mykiss±VSLQDFKSpinacia oleraceaVWHOODWHVWXUJHRQAcipenser 
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 VWHOODWH VWXUJHRQ Acipenser stellatus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Mentha piperita DQG VWHOODWH VWXUJHRQ
Acipenser stellatus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SODQWVFRPELQDWLRQVDVIROORZVFURSVPFURSVPDQGFURSVP)RUHDFKH[SHULPHQWWKHFRVWDQDO\VLVLQFOXGHVFDSLWDO
FRVWVDQGRSHUDWLRQDOFRVWV$VPDLQFRQFOXVLRQVZHFDQSRLQWRXWWKDW/(&$VXEVWUDWHDTXDSRQLFVWHFKQLTXHUHTXLUHVDKLJKHU
LQYHVWPHQWFRVWFRPSDULQJZLWK':&WHFKQLTXHEXWDOVRKDGJHQHUDWHGKLJKHULQFRPHVZKLFKOHGLQWKHHQGWREHWWHUHFRQRPLF
LQGLFDWRUV7KHFRPELQDWLRQRIILVKWRSODQWVVWHOODWHVWXUJHRQAcipenser stellatus±VSLQDFKSpinacia oleraceaSURGXFHGE\
DSSO\LQJ /(&$ VXEVWUDWH DTXDSRQLFV WHFKQLTXH KDG SURYHG WR EH WKHPRVW HFRQRPLF IHDVLEOH IURP DOO WHVWHG YDULDQWV ,W LV
UHFRPPHQGHG WKDWDOWHUQDWLYHYDULDQWV IRUSRZHU WREH LPSOHPHQWHG LQRUGHU WRPLQLPL]H WKHHOHFWULFLW\RSHUDWLRQDOFRVWVDQG
WKHUHIRUHWRLPSURYHWKHSURILWDELOLW\RIWHVWHGIDFLOLWLHV
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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI$JURQRPLF6FLHQFHVDQG9HWHULQDU\0HGLFLQH%XFKDUHVW
Keywords: DTXDSRQLFVLQWHJUDWHGV\VWHPVFRVWHIIHFWLYHQHVV/(&$':&RSHUDWLRQDOFRVWVSURILWDELOLW\
,QWURGXFWLRQ
2QHRIWKHPRVWVLJQLILFDQWZRUOGZLGHSUREOHPVLVUHODWHGWRDVVXULQJWKDWWRWDOZRUOGIRRGSURGXFWLRQFDQFRYHU
WKHQHHGVRIHDFKLQGLYLGXDODWDFHUWDLQWLPHDQGFRQWH[W7KXVLQWKHVHFLUFXPVWDQFHVWKHDJULFXOWXUDOVHFWRUJDLQV
D FRQVLGHUDEOH DWWHQWLRQ JLYHQ LWV VRFLDO DQG HFRQRPLF LPSOLFDWLRQ ,Q PDQ\ FDVHV WKH JURZWK RI DJULFXOWXUDO
SURGXFWLYLW\ LV UHODWHGZLWK D QHJDWLYH LPSDFW RQ WKH HQYLURQPHQW 7KHUHIRUH D VXVWDLQDEOH GHYHORSPHQW RI WKLV
SURGXFWLRQ VHFWRU LV QHFHVVDU\ WR EHPDGH$V.XUWRJOX HW DO PHQWLRQHG VXVWDLQDEOH GHYHORSPHQW LV WKH
PDQDJHPHQW DQG FRQVHUYDWLRQ RI WKH QDWXUDO UHVRXUFH EDVH DQG WKH RULHQWDWLRQ RI WHFKQRORJLFDO DQG LQVWLWXWLRQDO
FKDQJHV LQ VXFKDPDQQHUDV WR HQVXUH WKHDWWDLQPHQW DQGFRQWLQXHG VDWLVIDFWLRQRIKXPDQQHHGV IRUSUHVHQW DQG
IXWXUH JHQHUDWLRQV $OVR LQ WKH VDPH VFLHQWLILF SDSHU .XUWRJOX HW DO  LW LV PHQWLRQHG WKDW VXVWDLQDEOH
GHYHORSPHQW FRQVHUYHV ODQG ZDWHU SODQW DQG DQLPDO JHQHWLF UHVRXUFHV DQG LV HQYLURQPHQWDOO\ QR GHJUDGLQJ
WHFKQLFDOO\ DSSURSULDWH HFRQRPLFDOO\ YLDEOH DQG VRFLDOO\ DFFHSWDEOH *(6$03 5HSRUW  7KUHH W\SHV RI
VXVWDLQDELOLW\DUHLGHQWLILHGVRFLDOHFRQRPLFDQGHQYLURQPHQWDOVXVWDLQDELOLW\3KLOOLSVHWDO
,QWHJUDWLQJ DTXDFXOWXUH UHFLUFXODWLQJ SURGXFWLRQ V\VWHPV ZLWK K\GURSRQLFV UHVXOWHG DV DTXDSRQLFV LQWHJUDWHG
V\VWHPVKDYLQJDGRXEOHSXUSRVHDVIROORZVREWDLQLQJGXDOSURGXFWLRQRIERWKILVKDQGSODQWVDQGDVVXULQJDZDWHU
WUHDWPHQWSURFHVVE\XVLQJWKHSK\WRUHPHGLDWLRQFDSDFLW\RIHDFKRQHRIWKHFXOWXUHGSODQWVSHFLHV6HYHUDOVWXGLHV
ZHUHPDGHGXULQJ WKH ODVWGHFDGH LQRUGHU WR HYDOXDWHHVSHFLDOO\ WKHSURGXFWLRQSHUIRUPDQFHVSK\WRUHPHGLDWLRQ
FDSDFLW\DQGHFRQRPLFDOVXVWDLQDELOLW\RIWKRVHV\VWHPV3HWUHDHWDO3HWUHDHWDO$±$
(QJOH HW DO  3DOP HW DO   7\VRQ HW DO  FRQFOXGH WKDW DTXDSRQLFV FDQ EH D VXVWDLQDEOH
DJULFXOWXUDOSURGXFWLRQV\VWHP
/RYHHWDOPHQWLRQHGWKDWDTXDSRQLFRSHUDWLRQVYDU\LQVL]HDQGW\SHRISURGXFWLRQV\VWHPDQGWKHUHLVD
KLJK DGRSWLRQ UDWH DPRQJ UHVSRQGHQWV WRZDUGV HQYLURQPHQWDOO\ VXVWDLQDEOH PHWKRGV RI SURGXFWLRQ 7KLV IDFW LV
UHLWHUDWHGDOVRE\7\VRQHWDOZKRXQGHUOLQHGWKHSRVLWLYHLPSDFWRIDTXDSRQLFVV\VWHPVRQWKHPDUNHWGXH
WRSXEOLFFRQFHUQVRYHUHQHUJ\DQGZDWHUXVHLQDJULFXOWXUH
:DWHUHQHUJ\DQGILVKIHHGDUHWKHWKUHHODUJHVWSK\VLFDOLQSXWVIRUDTXDSRQLFV\VWHPV/RYHHWDOZKLOH
WKHRXWSXWVDUHUHSUHVHQWHGE\ERWKILVKDQGSODQWVSURGXFWLRQ
6HYHUDOVWXGLHV6RWRUULR7RNXQDJDHWDO3DOPHWDO3DOPHWDOKDGGHPRQVWUDWHG
WKDW WKH LQWHJUDWLRQRI DQDTXDSRQLF V\VWHP LQWRDQDOUHDG\H[LVWLQJ UHFLUFXODWLQJDTXDFXOWXUH V\VWHP UHSUHVHQWVD
JRRGPHWKRG WR LQFUHDVH SURILWDELOLW\ RI WKH HFRQRPLF DFWLYLW\ 7KXVZKHQ DTXDSRQLFV VWDUWV WR EH DQ HFRQRPLF
DFWLYLW\ LW LPSOLHVNHHSLQJFORVHH\HRQFRVWVDQGSURGXFWLRQHIILFLHQFLHV WKURXJKRXW WKHSURGXFWLRQSURFHVV7KH
OHYHO RI ULVN LQ FDVH RI DTXDSRQLFV DQ LQWHJUDWHG V\VWHP UHTXLUHV WKHPDQDJHU DELOLW\ WRPDNH DGMXVWPHQWVZKHQ
QHJDWLYHRXWFRPHVRFFXUVIDFWWKDWZLOOOHDGWRDVXFFHVVIXOEXVLQHVV(QJOH
(FRQRPLFVXVWDLQDELOLW\RIDTXDSRQLFVWKHFRPELQDWLRQRIDTXDFXOWXUHDQGK\GURSRQLFVGHSHQGVRQDYDULHW\RI
IDFWRUVLQFOXGLQJV\VWHPDQGIHHGGHVLJQDQLPDOZHOIDUHRUSDUDVLWHDQGSDWKRJHQFRQWURO3DOPHWDO
6WDUWLQJIURPWZRDOUHDG\SURGXFWLYHUHFLUFXODWLQJDTXDFXOWXUHV\VWHPVWKHDLPRISUHVHQWUHVHDUFKLVWRPDNHD
FRPSDUDWLYHFRVWHIIHFWLYHQHVVDQDO\VLVEHWZHHQWZRLQWHJUDWHGDTXDSRQLFVV\VWHPVZKHUHERWKGHHSZDWHUFXOWXUH
':&DQGOLJKWH[SDQGHGFOD\DJJUHJDWH/(&$VXEVWUDWHDTXDSRQLFWHFKQLTXHVZHUHDSSOLHGLQRUGHUWRLGHQWLI\
WKHLUHFRQRPLFVXVWDLQDELOLW\
0DWHULDOVDQG0HWKRGV
Integrated aquaponics systems description 
7KH SUHVHQW H[SHULPHQW WRRN SODFH DW WKH SLORW UHFLUFXODWLQJ V\VWHP VWDWLRQV RI $TXDFXOWXUH (QYLURQPHQWDO
6FLHQFH DQG (QJLQHHULQJ 'HSDUWPHQW IURP )RRG 6FLHQFH )DFXOW\ ³'XQDUHD GH -RV´ 8QLYHUVLW\ RI *DODWL 7ZR
DOUHDG\H[LVWHGUHFLUFXODWLQJDTXDFXOWXUHV\VWHPVZHUHLQWHJUDWHGZLWKK\GURSRQLFXQLWVDQGRWKHUFRPSRQHQWVWKDW
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HQVXUHVZDWHU UHF\FOLQJ DQGSURSHU OLJKW IRUSODQWVJURZWK WKHUHIRUH UHVXOWLQJ WZRDTXDSRQLFV LQWHJUDWHG V\VWHP
QDPHG$48$3$DQG$48$3%
7KH GHVFULSWLRQ LQ GHWDLO RI $48$3$ LV SUHVHQWHG E\ 3HWUHD HW DO $ % ZKLOH $48$3% VL
GHVFULEHGE\3HWUHDHWDO$%,WPXVWEHPHQWLRQHGWKDWWZRDTXDSRQLFVWHFKQLTXHVZHUHDSSOLHGDV
IROORZVOLJKWH[SDQGHGFOD\DJJUHJDWH/(&$VXEVWUDWHDTXDSRQLFWHFKQLTXHV)LJXUHLQFDVHRI$48$3$DQG
GHHSZDWHUFXOWXUH':&DW$48$3%)LJXUH

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

$±7RSYLHZ%$TXDSRQLFVPRGXOHFURVVVHFWLRQ&±$TXDSRQLFVXQLWORQJLWXGLQDOVHFWLRQ

)LJXUH/(&$VXEVWUDWHDTXDSRQLFVPRGXOH













)LJXUH':&DTXDSRQLFVXQLW$$¶ORQJLWXGLQDOVHFWLRQ%%¶FURVVVHFWLRQ

2XWVLGH WKH WZR DERYHPHQWLRQHG DTXDSRQLFV LQWHJUDWHG V\VWHPV D VHULHV RI PLQLJUHHQKRXVHV IRU REWDLQLQJ
VHHGOLQJVZHUHXVHG$OVRLQFDVHRI$48$3$WKHELRORJLFDODFWLYDWLRQRI/(&$VXEVWUDWHZDVPDGHLQDPLQL
V\VWHPIRUPHGLDELRORJLFDODFWLYDWLRQ
Experimental design 
7KHLQWHJUDWLRQRIWZRDTXDSRQLFVPRGXOHV$48$3$DQG$48$3%ZDVDQDO\VHGIURPFRVWHIIHFWLYHQHVV
SHUVSHFWLYHE\WHVWLQJILYHSODQWVSHFLHVEDE\VSLQDFK±%6VSLQDFK±6EDVLO±%PLQW0DQGWDUUDJRQ±7DQG
DOVRWKUHHFXOWXUHGHQVLWLHV%6%6%6DQG666DVSUHVHQWHGLQWDEOH
 
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7DEOH([SHULPHQWDOGHVLJQDQGWHFKQRORJLFDOGDWD

7HKQRORJLFDO'DWD
$TXDS%%6 $TXDS$6 $TXDS$% $TXDS$0 $TXDS$7
'XUDWLRQRISURGXFWLRQ
F\FOHGD\V     
)LVK6SHFLHV 5DLQERZWURXW (Oncorhynchus mykiss) 6WHOODWH6WXUJHRQAcipenser stellatus
,QLWLDO)LVK%LRPDVV
NJ     
)HHGNJF\FOH     
)HHGLQJUDWH%:     
&URSV 1RUHV%DE\6SLQDFK(Spinacia oleracea) 
0DWDGRU6SLQDFK
(Spinacia oleracea) 
%DVLO
Ocimum 
basilicum)
0LQW
Mentha 
piperita)
7DUUDJRQ
(Artemisia 
dracunculus) 
&XOWXUHGHQVLW\
FURSVP
%6 %6 %6 6 6 6
  
     
&URSVLQGLYLGXDO
DYHUDJH\LHOGJ         
:RUNLQJGD\VSHU\HDU     

Formulas
7KHIROORZLQJIRUPXODVZHUHXVHG
SpI = TIV / Tpcs 
ZKHUH6S, VSHFLILFLQYHVWPHQW¼Pð7,9 WRWDOLQYHVWPHQWYDOXH¼7SFV WRWDOSODQWFXOWXUHVXUIDFHPð

TI= PxQ 
ZKHUH,QFRPH SURGXFWLRQYDOXH3 VHOOLQJSULFHIRU
NJRISODQWV¼PðSURGXFWLRQF\FOH4 SURGXFWLRQTXDQWLW\JPðSURGXFWLRQF\FOH

TPC=TFC+TVC 
ZKHUH73& WRWDOSURGXFWLRQFRVW¼PðSURGXFWLRQF\FOH7)& WRWDOIL[HGFRVWV¼PðSURGXFWLRQF\FOH79& 
WRWDOYDULDEOHFRVWV¼PðSURGXFWLRQF\FOH

Pr= TI -TPC 
ZKHUH3U SURILW¼PðSURGXFWLRQF\FOH7, WRWDOLQFRPH¼PðSURGXFWLRQF\FOH72 
WRWDORXWFRPH¼PðSURGXFWLRQF\FOH

Re=Pr/TRC 
ZKHUH5H UHWXUQ

Rpr=Pr/Ti x100 
ZKHUH5SU 5DWHRISURILWSURILWDELOLW\UDWLR

5(68/76$1'',6&866,216

(QJOHHWDOHPSKDVL]HGWKHHFRQRPLFSRWHQWLDOLQYHVWRUVFRQFHUQVIRUPDNLQJVXUHWKDWWKHV\VWHPVDQG
WHFKQRORJLHVXVHGLQSURGXFWLRQSURFHVVDUHHFRQRPLFIHDVLEOH7KHPDLQUHDVRQRIWKHVHFRQFHUQVLVWRKDYHDQLGHD
ZKLFKLVWKHODUJHVWFRVWVIRUDFHUWDLQSURGXFWLRQV\VWHPRUWHFKQRORJ\
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,QRUGHUWRGHWHUPLQHWKHFRPSDUDWLYHFRVW±HIIHFWLYHQHVVDQDO\VLVWKHFDSLWDOFRVWZDVGHWHUPLQHGIRUHDFKRI
WKHWZRWHVWHGDTXDSRQLFVLQWHJUDWHGV\VWHPV$48$3$7DEOHDQG$48$2%7DEOH
7KHFDSLWDOFRVWDQDO\VHVIRUWKHWZRWHVWHGV\VWHPVUHYHDOHGWKDWWKHDSSO\LQJRI/(&$VXEVWUDWHDTXDSRQLFV
WHFKQLTXH ZLOO GHPDQG D KLJKHU LQYHVWPHQW FRVW FRPSDUHG ZLWK ':& WHFKQLTXH 7KH PDLQ GLIIHUHQFHV DUH
UHSUHVHQWHGE\ WKH FRVWVZLWKJURZLQJPHGLD DQG OLJKWLQJ V\VWHPV$OVR FRVWV WKDW LQYROYHZDWHU UHF\FOLQJZHUH
KLJKHU LQ FDVH RI$48$3$ZKHUH /(&$PHGLD WHFKQLTXHZDV XVHG FRPSDUHGZLWK$48$3%ZKHUH':&
WHFKQLTXHZDV DSSOLHG 7DEOH  DQG7DEOH  7KXV IURP FDSLWDO FRVW DQDO\VLV 7DEOH  DQG 7DEOH  LW FDQ EH
FRQFOXGH WKDW':& DTXDSRQLFV WHFKQLTXHZLOO JDLQ SRSXODULW\ DPRQJ WKRVH SRWHQWLDO LQYHVWRUV WKDW KDYH OLPLWHG
FDSLWDOUHVRXUFHVIRUWKHLUILUVWVWHSWKDWLPSOLHVDTXDSRQLFVLQWHJUDWHGV\VWHPGHVLJQDQGFRQVWUXFWLRQ
7DEOH&DSLWDO&RVWVRIDTXDSRQLFSURGXFWLRQV\VWHP$TXDS$¼
1RFUW ,WHPV 1RRIQHFHVVDU\XQLWV 3ULFH8QLW¼ 7RWDO3ULFH¼
  39&SLSHVDQGILWWLQJV SLHFHV  
  9DOYHV SLHFHV  
  3XPSV SLHFHV  
  $TXDSRQLFXQLWVGXUDEOHSODVWLFWDQNV SLHFHV  
  *URZLQJPHGLD/(&$ /  
  0LQLV\VWHPIRU/(&$ELRORJLFDODFWLYDWLRQ SLHFHV  
  0LQLJUHHQKRXVHIRUREWDLQLQJVHHGOLQJV SLHFHV  
  3RWVDQGURFNZRROFXEVIRUVHHGOLQJVVXSSRUWV SLHFHV  
  $TXDSRQLFXQLWVVXSSRUW SLHFHV  
  (OHFWURQLFEDOODVWV SLHFHV  
  $GMXVW$:LQJV(QIRUFHUUHIOHFWRU SLHFHV  
  7LPHUIRUHOHFWULFDOVZLWFK SLHFHV  
 7RWDO¼ 
7DEOH&DSLWDO&RVWVRIDTXDSRQLFSURGXFWLRQV\VWHP$TXDS%¼
&UW1R ,WHPV 1RRIQHFHVVDU\XQLWV 3ULFHXQLW¼ 7RWDO3ULFH¼
 39&SLSHVDQGILWWLQJV SLHFHV  
 9DOYHV SLHFHV  
 3XPSV SLHFHV  
 $TXDSRQLFJODVVXQLWV SLHFHV  
 6W\URIRDPSODWHV SODWHV  
 0LQLJUHHQKRXVHIRUREWDLQLQJVHHGOLQJV SLHFHV  
 3RWVDQGURFNZRROFXEVIRUVHHGOLQJVVXSSRUWV SLHFHV  
 $TXDSRQLFXQLWVVXSSRUW SLHFHV  
 )OXRUHVFHQWODPSV SLHFHV  
 5HIOHFWRUFRYHU SLHFHV  
 7LPHUIRUHOHFWULFDOVZLWFK SLHFHV  
 7RWDO¼   

$OVRLWPXVWEHSRLQWHGRXWWKDWFRVWVZLWKDTXDSRQLFVXQLWVSXPSLQJDQGOLJKWLQJV\VWHPVDUHVLWXDWHGLQWRS
WKUHHFDSLWDOFRVWVLQFDVHRIERWKWHVWHGV\VWHPV7DEOHDQG7DEOH
7KHDTXDSRQLFSURGXFWLRQRIEDE\VSLQDFK%6E\XVLQJUDLQERZWURXWHIIOXHQWZDVWHVWHGLQ$48$3±%ZKLOH LQ
$48$3$IRXUFURSVVSHFLHVZHUHWHVWHGDVIROORZVVSLQDFK6EDVLO%PLQW0DQGWDUUDJRQ77DEOH7KURXJKRXW
WKHH[SHULPHQWDOSHULRGERWKIL[HGFRVWVDQGYDULDEOHFRVWVZHUHLGHQWLILHG)LJXUHPRQLWRUHGDQGHYDOXDWHG

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

)LJXUH)L[HGDQGYDULDEOHFRVWVVWUXFWXUHIRUERWKWHVWHGDTXDSRQLFVLQWHJUDWHGV\VWHP

7KHUHIRUHERWKIL[HGDQGYDULDEOHFRVWVZHUHFDOFXODWHGIROORZLQJWKHFRVWVWUXFWXUHSUHVHQWHGLQ)LJXUH7KH
FRQVLGHUDWLRQVWKDW OHG WR WKLVFRVWVWUXFWXUHZHUHEDVHGRQ WKHIDFW WKDW IL[HGFRVWVDUH LQGHSHQGHQWRISURGXFWLRQ
YROXPHZKLOHYDULDEOHFRVWVDUHLQGLUHFWUHODWLRQZLWKLW
$PRUWL]DWLRQKDVWKHODUJHVWVKDUHIURPIL[HGFRVWV7DEOHDQGGHSHQGVRQFDSLWDOFRVW9DOXH7KHUHIRUHWKH
DPRUWL]DWLRQ YDOXHV IRU %6 LV ORZHU FRPSDUHGZLWK 6 %0 DQG 7 7DEOH  EHFDXVH LW ZDV FXOWXUHG E\ XVLQJ
$48$3%V\VWHPWKDWKDVDORZHUFDSLWDOFRVWFRPSDUHGZLWK$48$3$7DEOHDQG7DEOH
7DEOH)L[HGFRVWVYDOXH¼PSURGXFWLRQF\FOH
 $TXDSRQLF3URGXFWLRQ6\VWHPV
 Aquap B-BS Aquap A-S Aquap A-B Aquap A-M Aquap A-T 
$PRUWL]DWLRQ     
3URYLVLRQVIRUULVNVDQGFKDUJHV     
7RWDO     
*calculated on a period of 10 years 
** calculated as 3% of production cycle value

7KHYDULDEOHFRVWV VWUXFWXUHYDOXH UHYHDOHG WKDW HOHFWULFLW\ UHSUHVHQWV LQFDVHRI$48$3%%6ZKLOH
KLJKHUSHUFHQWDJHDUHUHJLVWHUHGIRU$48$3$LQFDVHRIVSLQDFK6EDVLO%PLQW0
DQG WDUUDJRQ 7FXOWXUHV WDEOH7KLV LVGXH WR WKH W\SHRI OLJKWLQJ V\VWHPVRI HDFK WHVWHGDTXDSRQLFV
LQWHJUDWHG V\VWHP PHWDOKDOLGH 0+ ODPSV IRU $48$3$ DQG IOXRUHVFHQW ODPSV IRU $48$3% $OVR WKH
GLIIHUHQFHVEHWZHHQHOHFWULFLW\YDULDEOHFRVWYDOXHVUHJLVWHUHGIRU6%0DQG7FXOWXUHVLQ$48$3$DUHGXHWR
GLIIHUHQWOLJKWIXQFWLRQLQJUHJLPHGHWHUPLQHGDFFRUGLQJWRHDFKSODQWVSHFLHVSKRWRSHULRGLFLW\WDEOH
7KHKLJKHUYDULDEOHFRVWYDOXHVUHJLVWHUHGDW$48$3±$YDULDQWVZKHUH/(&$VXEVWUDWHWHFKQLTXHZDVDSSOLHGLV
DOVR GXH WR WKH SUHVHQFH RI ELRORJLFDO DFWLYDWLRQ SURFHVV RI JURZLQJ PHGLD /(&$ IDFW ZKLFK LPSOLHV FRVWV ZLWK
FKHPLFDONLWVIRUELRORJLFDODFWLYDWLRQDQGDOVRDQH[WUDTXDQWLW\RIZDWHUFKHPLVWU\GHWHUPLQDWLRQNLWV7DEOH&KHODWH
LURQDGGLWLRQJHQHUDWHVKLJKHUFRVWVLQFDVHRI$48$3$H[SHULPHQWDOYDULDQW7DEOHPRVWSUREDEO\EHFDXVHRIWKH
DTXDSRQLFVWHFKQLTXHDSSOLHG$OVRWKHGLIIHUHQFHEHWZHHQWKHH[SHULPHQWDOYDULDQWVIURP$48$3$V\VWHP7DEOHLV
GXHWRHDFKSODQWVSHFLHVSUHGLOHFWLRQIRULURQDEVRUSWLRQ,QFDVHRIRWKHUYDULDEOHFRVWVZHFDQPHQWLRQWKHVW\URIRUP
SODWHVWKDWDUHEHLQJGHJUDGHGGXULQJWKHSURGXFWLRQF\FOHDQGPXVWEHUHSODFHGDWWKHHQGRILW
5HJDUGLQJWKHHOHFWULFLW\FRQVXPSWLRQZHPXVWWDNHLQWRFRQVLGHUDWLRQWKHKRXUVSKRWRSHULRGLFLW\UHJLPH
RIVSLQDFKDQGEDE\VSLQDFKFRPSDULQJZLWKPLQWKRXUVWDUUDJRQKRXUVDQGEDVLOKRXUV7DEOH
 7KH UHVW RI HOHFWULFLW\ FRQVXPHUV OLNH SXPSV XVHG LQ DTXDSRQLFV V\VWHP DQG LQPLQL DTXDSRQLFV V\VWHP IRU
ELRORJLFDODFWLYDWLRQDQGPLQLJUHHQKRXVHVIRUREWDLQLQJVHHGOLQJVKDYHDKRXUVIXQFWLRQLQJUHJLPH
561 Stefan Mihai Petrea et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  555 – 565 
7DEOH9DULDEOHFRVWVYDOXH¼PSURGXFWLRQF\FOH
Production system Aquap B-BS Aquap A-S Aquap A-B Aquap A-M Aquap A-T 
(OHFWULFLW\     
/DERU     
6HHGV     
&KHODWHGLURQDGGLWLRQ     
$VVXUDQFHRISURGXFWLRQ     
&KHPLFDONLWIRU/(&$ELRORJLFDODFWLYDWLRQ     
:DWHUFKHPLVWU\GHWHUPLQDWLRQNLWV     
0DLQWHQDQFHFRVWVIRUWKHHQWLUHDTXDSRQLFV\VWHP     
2WKHUFRVWVVW\URIRUPSODWHVDQGSHUIRUDWHGSODQWVXSSRUWV     
7RWDO     
7DEOH(OHFWULF\FRQVXPSWLRQIRUDQDO\VHGDTXDSRQLFV\VWHPV
Production 
System Consumption Source 
Quantity 
(kWh/m2/cycle) 
Costs 
(€/m2/cycle) 
Functioning Regime 
(hours) 
$TXDS%%6
)OXRUHVFHQWODPSV   
3XPSVXVHGLQDTXDSRQLFV\VWHP   
3XPSVXVHGLQPLQLDTXDSRQLFV\VWHP   
0LQLJUHHQKRXVH   
7RWDO   
$TXDS$6
0+ODPSV   
3XPSVXVHGLQDTXDSRQLFV\VWHP   
3XPSVXVHGLQPLQLDTXDSRQLFV\VWHP   
0LQLJUHHQKRXVH   
7RWDO   
$TXDS$%
0+ODPSV   
3XPSVXVHGLQDTXDSRQLFV\VWHP   
3XPSVXVHGLQPLQLDTXDSRQLFV\VWHP   
0LQLJUHHQKRXVH   
7RWDO   
$TXDS$0
0+ODPSV   
3XPSVXVHGLQDTXDSRQLFV\VWHP   
3XPSVXVHGLQPLQLDTXDSRQLFV\VWHP   
0LQLJUHHQKRXVH   
7RWDO   
$TXDS$7
0+ODPSV   
3XPSVXVHGLQDTXDSRQLFV\VWHP   
3XPSVXVHGLQPLQLDTXDSRQLFV\VWHP   
0LQLJUHHQKRXVH   
7RWDO   
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,QRUGHU WRGHWHUPLQHWKHLQFRPHERWKFURSVSURGXFWLYLW\DQGDQQXDOO\VHOOLQJSULFHYDULDWLRQZHUHGHWHUPLQHG
DQGDQDO\VHG7KHEHVWFURSVSURGXFWLYLW\SHUVTXDUHPHWHUGXULQJDSURGXFWLRQF\FOHZDVUHJLVWHUHGLQFDVHRIWKH
H[SHULPHQWDOYDULDQWVZKHUHWKHKLJKHVWFXOWXUHGHQVLW\ZDVDSSOLHG7DEOH
$OVR LW PXVW EH WDNHQ LQWR FRQVLGHUDWLRQ WKDW WKH SURGXFWLYLW\ YDOXHV UHJLVWHUHG IRU % 0 DQG 7 DUH DOVR D
FRQVHTXHQFHRIDSSO\LQJDFURSVPFXOWXUHGHQVLW\FRPSDUHGZLWK WKHKLJKHVWFXOWXUHGHQVLW\ IRU6DQG%6
ZKLFKZDVFURSVP
7DEOH&URSVSURGXFWLYLW\IRUDOODQDO\]HGSURGXFWLRQV\VWHPV
Aquaponic system Crops production (kg/ m2/cycle) 
$TXDS$6
6 
6 
6 
$TXDS$%  
$TXDS$0  
$TXDS$7  

$TXDS%%6

%6 
%6 
%6 

,QRUGHUWRPDNHDTXDSRQLFVDVRXUFHRIFDVKIORZLQUHFLUFXODWLQJDTXDFXOWXUHV\VWHPVDVLWZDVVWDWHGE\(QJOH
HW DO  WKH G\QDPLF RI WKHPDUNHWPXVW EHZHOO VWXGLHG 7KHUHIRUH WKH HYROXWLRQ RI SULFHV GXULQJ D \HDU
SHULRGIRUDOOILYHSODQWVSHFLHVWKDWDUHDQDO\VHGLQWKHSUHVHQWUHVHDUFKZDVPDGH7DEOH
7DEOH&URSVDQQXDOO\SULFHYDULDWLRQGXULQJ\HDU¼NJIUHVKSODQW
0RQWK Baby spinach Spinach Basil Mint Tarragon 
)HE     
0DU     
$SU     
0D\     
-XQ     
-XO     
$XJ     

$FFRUGLQJ ZLWK WKHPDUNHW UHVHDUFK WDUUDJRQ KDV WKH KLJKHVW HFRQRPLF YDOXH IROORZHG E\PLQW EDVLO EDE\
VSLQDFKDQGVSLQDFK7DEOH
,WPXVWEHPHQWLRQHGWKDW WKHSULFHYDULDWLRQSUHVHQWHGLQ7DEOHLVIRURUJDQLFSODQWVDQGLW LVREWDLQHGDVDQ
DYHUDJHDIWHUDQDO\VLQJDVHULHVRIPDUNHWVWKDWDFWVERWKDWQDWLRQDODQGLQWHUQDWLRQDOOHYHO7KLVZDVPDGHLQRUGHU
WR REWDLQ D EHWWHU LPDJH RI DTXDSRQLFV LQWHJUDWHG V\VWHPV HFRQRPLF VXVWDLQDELOLW\ HYHQ ZKHQ WKHUH DUH KLJK
YDULDWLRQVRIPDUNHWLQJVWUDWHJLHVDQGWKHVXSSO\DQGGHPDQGIRUWKLVFURSVDUHLQGLVHTXLOLEULXP3ULFHFRPSHWLWLRQ
LVDYDULDEOHWKDWPXVWDOVREHWDNHQLQWRFRQVLGHUDWLRQRQORQJWHUP
,QUHODWLRQWRFURSVSURGXFWLYLW\7DEOHDQGWKHLUSULFHYDULDWLRQ7DEOHWKHPRQWKO\LQFRPHZDVGHWHUPLQHG
7DEOH



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7DEOH0RQWKO\LQFRPHIRUDOODQDO\VHGSURGXFWLRQV\VWHPV¼PF\FOH
$TXDSRQLF
SURGXFWLRQ
V\VWHPV
0RQWKO\LQFRPH¼PF\FOH
)HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF -DQ $YHUDJH
$TXDS$6
            
            
            
$TXDS$%             
$TXDS$0             
$TXDS$7             
$TXDS%%6
            
            
            

0LQWJURZWKE\XVLQJ/(&$VXEVWUDWHDTXDSRQLFVWHFKQLTXHJHQHUDWHVWKHKLJKHVWLQFRPHIROORZHGE\EDVLODQG
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564   Stefan Mihai Petrea et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  555 – 565 
7KH YDOXHV RI UHWXUQ HFRQRPLF LQGLFDWRU FOHDUO\ LQGLFDWHV WKH FXOWXUHV RI EDVLO DQGPLQW JURZWK D GHQVLW\ RI
FURSVPE\DSSO\LQJ/(&$VXEVWUDWHWHFKQLTXHDVEHLQJWKHEHVWLQWHUPRIHFRQRPLFSURILWDELOLW\
&RQVLGHULQJWKDWWKHUHDUHVWURQJPDUNHWG\QDPLFVRYHUD\HDUPDQLIHVWHGDOVRRQSULFHDQGWKHUHIRUHRQLQFRPH
WKHUH LV D QHFHVVLW\ IRU WKH LQYHVWRUV RI NQRZLQJ WKH IOXFWXDWLRQ OLPLWV RI QHW SURILW 7KHUHIRUH QHW SURILW DQQXDO
IOXFWXDWLRQZDVLGHQWLILHGDQGSUHVHQWHGLQ)LJXUH


)LJXUH0RQWKO\QHWSURILWYDULDWLRQRYHUD\HDUIRUHDFKRIWKHH[SHULPHQWDOYDULDQWV

0LQWFXOWXUHJHQHUDWHVWKHKLJKHVWQHWSURILWIOXFWXDWLRQRYHUD\HDUIROORZHGE\EDVLODQGVSLQDFK7KHUHIRUHD
FRPSOH[PDUNHWG\QDPLFVSUHGLFWLRQLVUHFRPPHQGHGWREHPDGHEHIRUHFKRRVLQJWRJURZWKWKRVHSODQWVSHFLHVLQ
LQWHJUDWHGDTXDSRQLFVV\VWHPV
&RQFOXVLRQV
,QFRQFOXVLRQLWFDQEHVWDWHGWKDWLQWHJUDWLQJDTXDSRQLFVWRDQDOUHDG\H[LVWLQJUHFLUFXODWLQJDTXDFXOWXUHV\VWHP
FDQEHDVRXUFHRIFDVKIORZLIFHUWDLQSODQWVSHFLHVFXOWXUHGHQVLWLHVDQGDTXDSRQLFVWHFKQLTXHVDUHDSSOLHG7KLV
FDQEHZLGHO\XVHGHVSHFLDOO\ LQFDVHRI UHFLUFXODWLQJDTXDFXOWXUH V\VWHPV IRU UHDULQJ VWXUJHRQVZKHUH WKHFDVK
IORZGLVWULEXWLRQLQWLPHLVOHVVXQLIRUP
$OVRDQRWKHUFRQFOXVLRQRIWKHSUHVHQWVWXG\LVUHODWHGWRHOHFWULFLW\FRVWVZKLFKUHSUHVHQWVPRUHWKDQDKDOIRI
WRWDO YDULDEOH FRVWV YDOXH7KHUHIRUH LQ RUGHU WR LPSURYH WKH HFRQRPLF VXVWDLQDELOLW\ RI WKH DQDO\VHG DTXDSRQLFV
LQWHJUDWHGV\VWHPVWKHUHLVDVWURQJGHPDQGIRULPSOHPHQWLQJUHQHZDEOHHQHUJ\VRXUFHV
5HJDUGLQJ SODQW VSHFLHV LQ RUGHU WR EH SURILWDEOH DW WKH HQG RI HDFK SURGXFWLRQ F\FOH RYHU D \HDU FKRRVLQJ
SURSHUSODQWVSHFLHVIRUFHUWDLQWDUJHWPDUNHWVLVUHFRPPHQGHG
+RZHYHUHDFKDTXDSRQLFV WHFKQLTXHKDVKLVSDUWLFXODULWLHVEHLQJVXLWDEOHIRUFHUWDLQDOUHDG\SXUSRVHGFDSLWDO
FRVW RU FURS SURGXFWLYLW\ YDOXHV IDFW WKDW KHOSV RQ FKRRVLQJ EHVW WKH PDQDJHPHQW SUDFWLFHV LQ UHFLUFXODWLQJ
DTXDSRQLFVLQWHJUDWHGV\VWHPV
$FNQRZOHGJHPHQWV
7KHUHVHDUFKHVFDUULHGRXWIRUWKHHODERUDWLRQRIWKHSUHVHQWSDSHUZHUHILQDQFHGE\+3URJUDP³5HVHDUFKDQG
,QQRYDWLRQ6WDII([FKDQJH5,6(´SURMHFW+06&$5,6(³5HVHDUFKHVRQWKHSRWHQWLDOFRQYHUVLRQRI
FRQYHQWLRQDO ILVK IDUPV LQWRRUJDQLFE\ HVWDEOLVKLQJ DPRGHO DQGJRRGSUDFWLFHJXLGH´ (&2),6+&RQWUDFW QR

565 Stefan Mihai Petrea et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  555 – 565 
5HIHUHQFHV
%DLOH\'65DNRF\-(&ROH:06KXOW].$DQG6W&URL[86(FRQRPLFDQDO\VLVRIDFRPPHUFLDOVFDOHDTXDSRQLFV\VWHPIRU
WKHSURGXFWLRQRIWLODSLDDQGOHWWXFH,Q7LODSLD$TXDFXOWXUH3URFHHGLQJVRIWKH)RXUWK,QWHUQDWLRQDO6\PSRVLXPRQ7LODSLDLQ$TXDFXOWXUH
2UODQGR)ORULGDSS
%XQ\DYLURFK&'LQJ;0DPD\HN6DQG0DQQLQJ%$TXDSRQLF6\VWHPVLQ3XHUWR5LFR$VVHVVLQJ7KHLU(FRQRPLF9LDELOLW\%6
WKHVLV:RUFHVWHU0DVVDFKXVHWWV:RUHFHVWHU3RO\WHFKQLF,QVWLWXWH
&DUROH5($TXDFXOWXUH(FRQRPLFVDQG)LQDQFLQJ±0DQDJHPHQWDQG$QDO\VLV:LOH\%ODFNZHOO3XEOLVKLQJ([SHUWVRQWKH6FLHQWLILF
$VSHFWV RI 0DULQH (QYLURQPHQWDO 3URWHFWLRQ 3ODQQLQJ DQG PDQDJHPHQW IRU VXVWDLQDEOH FRDVWDO DTXDFXOWXUH GHYHORSPHQW 5HS 6WXG
*(6$031R5RPHSS
*HVDPS,PR)DR8QHVFRLRF:PR:KR,DHD8Q8QHS-RLQW*URXS2I
,ONHU=.+D\GDU.$OL$$WLOODg(FRQRPLF$QDO\VLVDQG6XVWDLQDELOLW\RI7XUNLVK0DULQH+DWFKHULHV7XUNLVK-RXUQDORI)LVKHULHV
DQG$TXDWLF6FLHQFHV
/RYH'&)U\3-*HQHOOR/+LOO( 6-)UHGHULFN$ /L;6HPPHQV.$Q,QWHUQDWLRQDO6XUYH\RI$TXDSRQLFV3UDFWLWLRQHUV
9ROXPH,VVXH3/2621(ZZZSORVRQHRUJ
3DOP+:1LHYHO0.QDXV86LJQLILFDQWIDFWRUVDIIHFWLQJ WKHHFRQRPLFVXVWDLQDELOLW\RIFORVHGDTXDSRQLFV\VWHPV3DUW ,,,SODQW
XQLWV $DFO %LRIOX[ $TXDFXOWXUH $TXDULXP &RQVHUYDWLRQ 	 /HJLVODWLRQ ,QWHUQDWLRQDO -RXUQDO RI WKH %LRIOX[ 6RFLHW\ SS $$&/
%LRIOX[9ROXPH,VVXH
3DOP+:6HLGHPDQQ5:HKRIVN\6.QDXV86LJQLILFDQWIDFWRUVDIIHFWLQJWKHHFRQRPLFVXVWDLQDELOLW\RIFORVHGDTXDSRQLFV\VWHPV
3DUW,V\VWHPGHVLJQFKHPRSK\VLFDOSDUDPHWHUVDQGJHQHUDODVSHFWV$$&/%LRIOX[9ROXPH,VVXHSS
3HWUHD 6W 0 &ULVWHD 9 'HGLX / &RQWRPDQ 0 /XSRDH 3 0RFDQX &UHWX 0 DQG &RDGă 07 $ Vegetable production in an 
integrated aquaponic system with rainbow trout and spinach%XOOHWLQRI8QLYHUVLW\RI$JULFXOWXUDO6FLHQFHVDQG9HWHULQDU\0HGLFLQH&OXM
1DSRFD$QLPDO6FLHQFH$QG%LRWHFKQRORJLHV9ROS
3HWUHD܇W0&ULVWHD9'HGLX/&RQWRPDQ0/XSRDH3$QWDFKH$'LFX0'&RDGă07 $ Vegetable production in an 
integrated aquaponic system with stellate sturgeon and spinach – Matador variety6FLHQWLILF3DSHUV$QLPDO6FLHQFH$QG%LRWHFKQRORJLHV
9RO3±
3HWUHD܇W0&ULVWHD9'HGLX/&RQWRPDQ03OăFLQWă,RQ60RFDQX&UHWX0$QG$QWDFKH$%Study Of Nitrogen Cycle In 
An Integrated Aquaponic System With Different Plant Densities%XOOHWLQ2I8QLYHUVLW\2I$JULFXOWXUDO6FLHQFHV$QG9HWHULQDU\0HGLFLQH
&OXM1DSRFD$QLPDO6FLHQFH$QG%LRWHFKQRORJLHV9RO3
3HWUHD܇W0&ULVWHD9'HGLX//LX)&RQWRPDQ0/XSRDH3$QWDFKH$%DQGL$&%A study of nitrogen dynamics in an 
integrated stellate sturgeon and spinach aquaponic system with different crop densities%XOOHWLQRI8QLYHUVLW\RI$JULFXOWXUDO6FLHQFHVDQG
9HWHULQDU\0HGLFLQH&OXM1DSRFD$QLPDO6FLHQFH$QG%LRWHFKQRORJLHV9ROS
3HWUHD ܇W0.XUWR÷OX , = .D\LV ù &ULVWHD90HWD[D , &RDGă07 ,RQ 3OăFLQWD 6 Economic Situation of Fish Farming in 
Southeastern Coast of the Black Sea6&,(17,),&3$3(56$QLPDO6FLHQFH$QG%LRWHFKQRORJLHV9RO3
3KLOOLSV0%R\G& DQG(GZDUGV 3  6\VWHPV DSSURDFK WR DTXDFXOWXUHPDQDJHPHQW ,Q53 6XEDVLQJKH 30-%XHQR3KLOOLSV&
+RXJK 6( 0F*ODGGHU\ DQG -5 $UWKXU (GV $TXDFXOWXUH LQ WKH 7KLUG 0LOOHQQLXP 7HFKQLFDO 3URFHHGLQJV RI WKH &RQIHUHQFH RQ
$TXDFXOWXUHLQWKH7KLUG0LOOHQQLXP%DQJNRN7KDLODQG)HEUXDU\1$&$%DQJNRNDQG)$25RPH
627255Ë2//(FRQRPLFDQDO\VLVRIILQILVKPDULFXOWXUHRSHUDWLRQVLQ6SDLQ$TXDFXOWXUH(FRQRPLFVDQG0DQDJHPHQW
7RNXQDJD . 7DPDUX & $NR + DQG /HXQJ 36 (FRQRPLFV RI &RPPHUFLDO $TXDSRQLFV LQ +DZDLL 
KWWSVZZZZDVRUJGRFXPHQWV0HHWLQJ3UHVHQWDWLRQV:$:$BSGI
7RNXQDJD.7DPDUX&$NR+DQG/HXQJ3(FRQRPLFVRI&RPPHUFLDO$TXDSRQLFVLQ+DZDLL$TXDSRQLFVLQ+DZDLL&RQIHUHQFH
7\VRQ597UHDGZHOO
7\VRQ 5 9 7UHDGZHOO ' ' DQG 6LPRQQH ( + 5HYLHZV 2SSRUWXQLWLHV DQG &KDOOHQJHV WR 6XVWDLQDELOLW\ LQ $TXDSRQLF 6\VWHPV
+RUWHFKQRORJ\
;LH.5RVHQWUDWHU.$/LIHF\FOHDVVHVVPHQW/&$DQG7HFKQRHFRQRPLFDQDO\VLV7($RIWLODSLDEDVLO$TXDSRQLFV$6$%($QQXDO
,QWHUQDWLRQDO0HHWLQJ3DSHU$JULFXOWXUDODQG%LRV\VWHPV(QJLQHHULQJ

